Minimal left-right symmetry model for electroweak interaction by Damanik, Vet. Asan
Volume 7 Number 0403 ISSN 1979-3898
Journal of
Theoretical and Computational
Studies
Minimal Left-Right Symmetry Model of Electroweak Interaction
A. Damanik, M. Satriawan, A. Hermanto, P. Anggraita
J. Theor. Comput. Stud. 7 (2008) 0403
Received: May 30th, 2008; Accepted for publication: August 30th, 2008
Published by
Indonesian Theoretical Physicist Group Indonesian Computational Society
http://www.opi.lipi.go.id/situs/gfti/ http://www.opi.lipi.go.id/situs/mki/
Journal of Theoretical and Computational Studies
Journal devoted to theoretical study, computational science and its cross-disciplinary studies
URL : http://www.jurnal.lipi.go.id/situs/jtcs/
Editors
A. Purwanto (ITS) J.M. Tuwankotta (ITB)
A. S. Nugroho (BPPT) L.T. Handoko (LIPI)
A. Sopaheluwakan (LabMath) M. Nurhuda (UNIBRAW)
A. Sulaksono (UI) M. Sadly (BPPT)
B. E. Gunara (ITB) M. Satriawan (UGM)
B. Tambunan (BPPT) P. Nurwantoro (UGM)
F.P. Zen (ITB) P. W. Premadi (ITB)
H. Alatas (IPB) R.K. Lestari (ITB)
I.A. Dharmawan (UNPAD) T. Mart (UI)
I. Fachrudin (UI) Y. Susilowati (LIPI)
Z. Su'ud (ITB)
Honorary Editors
B.S. Brotosiswojo (ITB) M.O. Tjia (ITB)
M. Barmawi (ITB) P. Anggraita (BATAN)
M.S. Ardisasmita (BATAN) T.H. Liong (ITB)
Guest Editors
H. Zainuddin (UPM) K. Yamamoto (Hiroshima)
T. Morozumi (Hiroshima)
Coverage area
1. Theoretical study : employing mathematical models and abstractions of a particular ¯eld in an attempt to explain known or
predicted phenomenon. E.g. : theoretical physics, mathematical physics, biomatter modeling, etc.
2. Computational science : constructing mathematical models, numerical solution techniques and using computers to analyze
and solve natural science, social science and engineering problems. E.g. : numerical simulations, model ¯tting and data
analysis, optimization, etc.
3. Cross-disciplinary studies : inter-disciplinary studies between theoretical study and computational science, including the
development of computing tools and apparatus. E.g. : macro development of Matlab, paralel processing, grid infrastructure,
etc.
Types of paper
1. Regular : an article contains an original work.
2. Comment : an article responding to another one which has been published before.
3. Review : an article which is a compilation of recent knowledges in a particular topic. This type of article is only by invitation.
4. Proceedings : an article which has been presented in a scienti¯c meeting.
Paper Submission
The submitted paper should be written in English using the LATEX template provided in the web. All communication thereafter
should be done only through the online submission page of each paper.
Referees
All submitted papers are subject to a refereeing process by an appropriate referee. The editor has an absolute right to make the
¯nal decision on the paper.
Reprints
Electronic reprints including covers for each article and content pages of the volume are available from the journal site for free.
Indonesian Theoretical Physicist Group Indonesian Computational Society
Secretariat O±ce : c/o Group for Theoretical and Computational Physics, Research Center for Physics -
LIPI, Kompleks Puspiptek Serpong, Tangerang 15310, Indonesia
http://www.opi.lipi.go.id/situs/gfti/ http://www.opi.lipi.go.id/situs/mki/
c° 2008 GFTI & MKI ISSN 1979-3898
J. Theor. Comput. Stud. Volume 7 (2008) 0403
Minimal Left-Right Symmetry Model of Electroweak Interaction
A. Damanika;b, M. Satriawanb, A. Hermantob, P. Anggraitac
a Department of Physics, Faculty of Mathematics and Natural Sciences, Sanata Dharma University, Kampus
III USD Paingan, Maguwoharjo, Sleman, Yogyakarta, Indonesia
b Department of Physics, Gadjah Mada University, Yogyakarta, Indonesia
c National Nuclear Energy Agency (BATAN), Jakarta, Indonesia
Abstract : Using two primary doublets and one induced bidoublet Higgs ¯elds as a result of the interactions of the
two doublets, we evaluate the predictive power of the left-right symmetry model based on SU(2)L ­ SU(2)R ­ U(1)
gauge group to the gauge bosons masses, leptons masses, and the structure of electroweak interactions. Parity violation
in the weak interaction at low energy can be understood as due to the very large of mWR compared to mWL . The
model can also produces the lepton masses in agreement qualitatively with the experimental facts by taking the value
of coupling constant G¤ = 0 and p¿ s.
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1 INTRODUCTION
Even though the Glashow-Weinberg-Salam (GWS)
model for electroweak interaction based on SU(2)L ­
U(1)Y gauge group very successful phenomenologi-
cally [1, 2, 3], but many fundamental problems i.e.
the responsible mechanism for generating the neu-
trino masses, the domination of the V-A over V+A
interactions at low energy, and the responsible mech-
anism for the doublet lepton up-down mass di®erence
could not be explained by GWS model. The need
for the extension of the GWS model comes from the
conclusion that the neutrinos have a mass as a di-
rect implication of the detected neutrino oscillations
phenomena for both solar and atmospheric neutrinos
[4, 5, 6, 7, 8, 9, 10].
Many theories or models have been proposed to
extend the GWS model. One of the interesting
models is the Left-Right symmetry model based on
SU(2)L ­ SU(2)R ­ U(1) gauge group proposed by
many authors [11, 12, 13, 14, 15, 16, 17]. In this pa-
per, we use the left-right symmetry model based on
SU(2)L ­ SU(2)R ­ U(1) gauge group with two dou-
blets and one bidoublet Higgs ¯elds (as a result of
the two doublets interaction) to break the SU(2)L ­
SU(2)R £ U(1) gauge group down to U(1)em. The
lepton ¯elds to be represented as doublet of an SU(2)
for both left and right ¯elds to make the full sense of
the left-right symmetry model.
The paper is organized as follows: in section 2
we present our main assumptions for the left-right
symmetry model, in section 3 we evaluate the gauge
bosons masses, in section 4 we evaluate the leptons
masses, and ¯nally in section 5 we give a conclusion.
2 THE MODEL
In our model, the left-right symmetry model for elec-
troweak interaction based on the SU(2)L­SU(2)R­
U(1) gauge group with the assumptions and the par-
ticles assignment as follows,
1. Two primary Higgs ¯elds are doublet of SU(2)
XL =
µ
a+
b0
¶
; XR =
µ
c+
d0
¶
: (1)
2. The secondary bidoublet Higgs ¯eld could be pro-
duced from the interaction of the two primary
Higgs ¯elds, that is,
Á =
µ
p0 q+
r¡ s0
¶
; (2)
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3. The leptons ¯elds are doublet of SU(2) for both
left and right ¯elds,
ÃL =
µ
º
e¡
¶
L
; ÃR =
µ
º
e¡
¶
R
: (3)
4. Both leptons and gauge bosons masses are gen-
erated via symmetry breaking when Higgs ¯elds
develop its vacuum expectation values similar to
the symmetry breaking in the GWS model.
By applying the above assumptions and particles
assignment, we could break the left-right symmetry
model based on SU(2)L ­ SU(2)R ­ U(1) down to
U(1)em directly as shown schematically below,
SU(2)L ­ SU(2)R ­ U(1)
+
U(1)em
The vacuum expectation values of two doublets
and one bidoublet Higgs could contribute to the
gauge bosons masses. Meanwhile, the leptons masses
(Yukawa term) only come from the vacuum expec-
tation value of bidoublet Higgs, because the leptons
¯elds to be doublet of SU(2), then only the Yukawa
term with bidoublet Higgs satis¯es gauge invariance.
Thus, the complete Lagrangian density could be read,
L = ¡1
4
W¹ºL:W
¹ºL ¡ 1
4
W¹ºR:W
¹ºR
¡1
4
B¹ºB
¹º
+ ¹ÃL°¹(i@¹ ¡ g 12¿:W¹L ¡ g
0Y
2
B¹)ÃL
+ ¹ÃR°¹(i@¹ ¡ g 12¿:W¹R ¡ g
0Y
2
B¹)ÃR
+j(i@¹ ¡ g 12¿:W¹L ¡ g
0Y
2
B¹)XLj2
+j(i@¹ ¡ g 12¿:W¹R ¡ g
0Y
2
B¹)XRj2
+Trj(i@¹ ¡ g 12¿:W¹L)Á¡ g
1
2
Á¿:W¹R
¡g0Y
2
B¹Áj2 ¡ V (XL; XR; Á)¡ (G ¹ÃLÁÃR
+G¤ ¹ÃL¿2Á¤¿2ÃR +H:c:); (4)
where g = gL = gR are the SU(2) couplings, g0 is
the U(1) coupling, °¹ are the Dirac matrices, ¿ 's are
the Pauli spin matrices, V (XL; XR; Á) is the Higgs
potential, Y is the hypercharge (Y = B ¡ L), and G
is the Yukawa coupling.
The electric charge operator Q satis¯es the rela-
tions,
Q = T3L + T3R +
Y
2
; (5)
where T3L and T3R are the third components the weak
isospin generator Ti = ¿i2 . According to the Eqs. (4)
and (5), the Higgs ¯elds have the following quantum
numbers,
XL
µ
1
2
; 0; 1
¶
; XR
µ
0;
1
2
; 1
¶
; Á
µ
1
2
;
1
2
; 0
¶
; (6)
and the leptons ¯elds transform as,
ÃL (2; 0; 0) ; ÃR (0; 2; 0) ; (7)
under SU(2).
3 THE GAUGE BOSONS MASSES
From Eq. (4), we can see that the relevant gauge
boson mass terms as follow,
Lb = j(¡g 12¿:W¹L ¡ g
0Y
2
B¹)XLj2
+j(¡g 1
2
¿:W¹R ¡ g0Y2 B¹)XRj
2
+Trj(¡g 1
2
¿:W¹L)Á¡ g 12Á¿:W¹R
¡g0Y
2
B¹Áj2: (8)
By substituting the vacuum expectation values of the
Higgs ¯elds,
hXLi =
µ
0
b
¶
; hXRi =
µ
0
d
¶
;
hÁi =
µ
p 0
0 s
¶
; (9)
into Eq.(8), we then obtain,
Lb =
g2
4
(b2 + p2 + s2)[(W 1¹L)
2 + (W 2¹L)
2]
+
g2
4
(d2 + p2 + s2)[(W 1¹R)
2 + (W 2¹R)
2]
+
b2
4
(gW 3¹L ¡ g0B¹)2 +
d2
4
(gW 3¹R ¡ g0B¹)2
+g2ps(W 1¹LW
¹R1 +W 2¹LW
¹R2)
+
g2
2
(p2 + s2)W 3¹LW
¹R3
+
g2
4
(p2 + s2)(W 3¹L)
2
+
g2
4
(p2 + s2)(W 3¹R)
2: (10)
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By de¯ning,
W§® =
1p
2
¡
W 1¹® ¨ iW 2¹®
¢
;
Z¹® =
gW 3¹® ¡ g0B¹®p
g2 + g02
; (11)
A¹® =
g0W 3¹® + gB¹®p
g2 + g02
; Z
0
¹® =W
3
¹®; (12)
where ® = L;R and,
mWL = g
p
b2 + p2 + s2;
mWR = g
p
d2 + p2 + s2;
mZL =
b
p
g2 + g02
2
; mZR =
d
p
g2 + g02
2
;
mZ0L
= mZ0R =
g
p
p2 + s2
2
; mA = 0;
mx = mx0 = g
p
2ps; my = g
p
p2 + s2; (13)
then Eq.(10) reads,
Lb =
1
2
m2WLW
+
¹LW
¡
¹L +
1
2
m2WRW
+
¹RW
¹R¡
+
1
2
m2ZLZ¹LZ
¹L +
1
2
m2ZRZ¹RZ
¹R
+
1
2
m2AA¹A
¹ +
1
2
m2
Z
0
L
Z
0
¹LZ
0¹L
+
1
2
m2
Z
0
R
Z
0
¹RZ
0¹R +
1
2
m2xW
+
¹LW
¹R¡
+
1
2
m2x0W
¡
¹LW
¹R+ +
1
2
m2yZ
03
¹LZ
0¹R3: (14)
From Eq. (14) we can see that after the symme-
try breaking take place we have nine massive gauge
bosons and one (photon) is massless. Thus, following
the procedure of symmetry breaking in the standard
model of electroweak interaction and put the value of
b = d, from Eq. (13) one can see that the resulted
gauge bosons masses for both left and right bosons
are equal. To make the left-right symmetry model
relevant to the electroweak phenomena, many authors
[14, 15, 16] have taken the value of b << d. The dif-
ference values of the b and d can be associated with
the parity violation. In this scheme, the domination of
the V-A interaction over V+A interaction for charged
current at low energy could be understood as an impli-
cation of the very massiveness of the mWR compared
to mWL .
4 THE LEPTONS MASSES
As long as we know, for leptons masses there is no
experimental fact to force us for choosing a one kind
of multiplet Higgs in the Yukawa term except dictated
by the requirement of the Lagrangian density must be
gauge invariance. But, in the boson mass sector, the
representation of the Higgs ¯elds to be SU(2) doublet
theoretically supported by experimental fact. Thus,
we could use the bidoublet Higgs ¯eld for generating
the leptons masses.
Following GWS model, the leptons masses in our
model also arise from the symmetry breaking. The
lepton mass term is the Yukawa term in Eq. (4), that
is,
Ll = G ¹ÃL hÁiÃR
+G¤ ¹ÃL¿2 hÁ¤i ¿2ÃR +H:c: (15)
By inserting the vacuum expectation value of bidou-
blet Higgs, for the ¯rst generation we then obtain
the masses: mºe = Gp + G
¤s and me = Gs + G¤p
for neutrino and electron respectively. Thus, in this
model the neutrino and the electron (charge lepton)
masses values are equal which is contrary to experi-
mental facts (mº << ml). But, our model can still
predict the experimental facts qualitatively by taking
the value of G¤ = 0 and p << s. The reponsible
mechanism which put the value of G¤ = 0 is the re-
main problem in the left-right symmetry model if we
want to make this model in agreement with the ex-
perimental facts in the lepton sector.
5 CONCLUSION
Using the minimal content of the particles (two pri-
mary doublets Higgs, one induced bidoublet Higgs
(secondary Higgs), and two lepton ¯elds) in the left-
right symmetry model based on SU(2)L ­ SU(2)R ­
U(1) gauge group, we then can explain the domina-
tion of the V-A interaction over V+A interaction at
low energy due to the very massiveness of the mWR .
The neutrino and the electron masses arise naturally,
but for obtaining the leptons masses (neutrino and
electron) phenomenologically, we must put the value
of G¤ = 0 and p ¿ s. The mechanism which makes
the G¤ = 0, in order to make the model can predict
the lepton masses, is still a problem for the left-right
symmetry model.
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